A negative magnetoresistance (NMR) reaching maximum 30-40% of its zero-field value is observed under inplane magnetic field for the hole gases confined in wide p-Ge1_Si/Ge/p-GeiSi quantum wells (QW), while in an analogous narrow QW the magnetoresistance doesn't exceed 1%. In the QWs of intermediate widths and hole densities, the NMR is explained as being caused by suppression of the intersubband scattering due to the upper subband depopulation. In the widest QWs with the highest hole densities the hole gas is self-divided into two 2D sublayers. A similar NMR observed in these samples is interpreted as also been due to suppression of the intersubband scattering, but subbands are the lowest symmetric and antisymmetric states of the formed double quantum well. The main effect of the in-plane magnetic field in this case is a relative shift of subbands along the wave vector, rather than the shift in energy.
A magnetic field oriented parallel to the layer cause changes in dissipation conditions of the current carriers, which constitute a spatially quantized gas confined in it. These effects manifest brightly when two or more confinement subbands are initially occupied. The parallel field gives rise to shifts in energy of different magnitude for levels with different energies due to different extent of their wave functions in the layer cross-section [1] ,and hence to the changes in the intersubband dissipation [2] . Still more pronounced are the effects of parallel field in selectively doped structures with a sufficiently wide layer containing high density of carriers, in which the self-separation of the carrier gas occurs into two 2D sublayers located next to the opposite layer interfaces [3] . In this case the parallel field additionally induces relative shifts in k-space of the energy dispersion paraboloids pertaining to the emerged sublayers [4} . Existence of a small tunneling gap between levels of the formed sublayers manifests under parallel field in a complex configuration of the mutual energy dispersion surface consisting of two paraboloids shifted in k with a gap along the line of their intersection [5] . Dissipation of carriers in such a system depends on the Fermi level position relative singular points of this dispersion surface. Since the shift of paraboloids is proportional to the parallel field, the singular points move relative the Fermi level with field that manifests in a magnetoresistance of certain structure [6] .
So far the effects of parallel field on the restricted orbital motion has been studied in layers with electron type of conductivity. Complex structure of the confinement subbands in the valence band due to existence of heavy and light holes [7} should lead to still more intricate effects of parallel magnetic field. These are due to considerable differences in curvature of the valence subbands, strong interaction between subbands in regions of their anticrossing that induces their high nonparabolicity etc. These anticipations are the stimuli for present researches. Experiments are performed in Gei_Si/Ge heterosystem, which is actual for the Si-based technology. The samples are p-Ge1_Si/Ge multy-quantum-wells with low temperature mobilities 1-1.4 m2/V s, different in the Ge layer width d, which is the quantum well (QW) for holes, and the hole density Ps in a Ge layer. The Ge1 -.Si barriers, sufficiently wide to prevent the inter-Ge-layer tunneling, are selectively doped with boron in their central parts. The sample parameters are given in Fig. 1 together with the experimental results.
As it has been found in our investigations of the quantum Hall effect (QHE), the hole gas is integrated through the whole Ge layer width (i.e. may be treated as a single quasi-2D hole gas) in structures 1123 and 1125, but is self-divided into two 2D sublayers in structures 475 and 476 with the widest wells and highest hole densities (see the inserts in Fig. 1 ). The brilliant indication of the differences between the integrated and divided hole gases is either existence or absence of the QH plateau for the filling factor v = I . In samples 1123 and 1125 this plateau pronouncedly exists [8] concomitant with a deep minimum in the longitudinal magnetoresistance, while the V = 1 peculiarities are missed in samples 475/476.
For sample 578 with the narrowest Ge layers, d 8 nm, the magnetoresistance in parallel fields doesn't exceed 1% (Fig. 1(a) ), indicating that the spin effects are negligible in the p-Gei..Si/Ge system for our experimental conditions. Contrary, for the other samples with wider Ge layers a negative magnetoresistance (NMR) reaching 30-40% of its zero field value in fields B11 12 T is observed (Fig. 1(b-d) ).
In samples 1123 and 1125 this NMR may be explained in terms of the effect, well-known in the electron systems, of the diamagnetic shift of the upper electric subband that results in its depopulation and subsequent suppression of the intersubband scattering, initially present. The NMR may reach a value up to 50% for this mechanism [2] . Our numerical estimations made for the calculated QW potential relief of sample 1123 indicate that the parallel field B11 10 T induces an increase of the intersubband distance /.E21 = E2 -E1 of the order comparable to the Fermi level position EF -E2 inside the E2 subband.
For sample 1 123 the parallel field induced drop of MR is shifted to higher fields as compared to sample 1125 ( Fig. 1(b,c) ). This is in agreement with the deeper position of the Fermi level inside the second subband in sample 1123, found earlier from the structure of the QHE in these samples [9] . The p(B11) curves for samples 475/476 are similar to those for sample 1125: the NMR that starts from the weakest fields and reaches the amplitude of 30% the zero field value ( fig.ld) . It is in spite of quite different layout of the energy levels in these samples (see the insert in Fig. 1(d) ): the lowest levels E1 and E2 almost
coincide, in accordance with nearly a complete separation of the hole gases into sublayers, and the Fermi level is much higher of them both. Thus, the simple picture of some level depopulation due to a diamagnetic shift doesn't fit this case.
Then, what is the cause of strong NMR in samples 475/476? The NMR may arise due to suppression of quantum corrections to the conductivity. They are valid for the case kFl >> 1 (kF -the Fermi wave vector, 1 -a mean free path) and have the value 1/kFl. For samples 457/476: kFl = 10-15, so the maximum effect due to the quantum corrections should be less than 10%. These corrections may be responsible for NMR in relatively low fields, but cannot yield the observed strong NMR in high fields. All the other mechanisms known should lead to a positive magnetoresistance: MR in the vicinity of a metal-insulator transition [1O}; MR due to increase of the in-plane mass in parallel field [1 1]; MR due to a strong coupling of the parallel field to the orbital motion in the quasi-2D systems [12] etc.
We believe that nature of the NMR in samples 475/476 is also due to suppression of the intersubband scattering, but the mechanism of this scattering is unlike that in samples 1123 and 1125. The essential difference stems from that, while in samples 1123 and 1125 the potential in the Ge layer may be treated as a single QW, that of the samples 475/476 is effectively a double quantum well (DQW).
In a DQW, a parallel magnetic field B = B shifts the Fermi surfaces of the QWs in the plane direction along k on the value = eBd/h, with d -an effective distance between gases in the sublayers [13] (see the insets in Fig. 1(d) ). While in a symmetrical DQW some finite probability exists for transitions between the two coinciding Fermi circles of the sublayers, it drops down as the circles shift relative each other in a parallel field. This drop has been directly observed in the tunneling current within a traditional DQW [14] . The remote impurity dominated inter-subband scattering is proportional to exp(-2zkFL) [15] (/.kF is the change of k in a scattering act; L the spacer width) indicating that a shift of the Fermi contours causes the strong decrease of the in-plane resistivity as well. Additionally, the parallel field acts to increase the separation between sublayers [16] that also weaken transitions between them.
A considerable, up to 30%, NMR has been observed in some published experimental results in DQW structures [4, 6] , albeit without comments. Notably, in a paper [4] experiments have been performed in the self formed DQW inside the wide QW, analogous to our case, but containing the electron gas.
A weak structure in the MR of samples 475/476 is superimposed on the monotonic background, in contrast to the smooth 1\'IR of samples 1123, 1125. A reasonable explanation of this structure is in terms of weakly resolved complex structure of the energy dispersion surface of the DQW, self-formed in samples 475/476. This is the topic for further investigation.
